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Molecular Modeling Laboratory 


In this experiment you will: 
e Build a variety of molecules and ions using molecular model kits. 
e Draw Lewis structures (both projection and perspective drawings) for each of these molecules and ions. 
e Determine the hybridization of the central atoms, the number and types of bonds, the geometries, and 
the polarities of the molecules and ions. 


Background 
Lewis Structures 


A Lewis Structure is a representation of covalent molecules (or polyatomic ions) where all the valence 
electrons are shown distributed about the bonded atoms as either shared electron pairs (bond pairs) or unshared 
electron pairs (lone pairs). A shared pair of electrons is represented as a short line (a single bond). Sometimes 
atoms can share two pairs of electrons, represented by two short lines (a double bond). Atoms can even share 
three pairs of electrons, represented by three short lines (a triple bond). Pairs of dots are used to represent lone 
pair electrons. Examples are shown for the molecules SF2 and CH20 below. 


S ‘c= 6 
FO Fs a 


Please review (in your text or notes) the rules for drawing Lewis structures before performing this exercise. 
This includes rules for structures which obey the octet rule, as well as those which involve expanded or 
reduced octets. 


Resonance Structures .O 


Resonance refers to bonding in molecules or ions that cannot be correctly represented by a single Lewis 
structure. These structures are often equivalent, meaning that they contain the same number of bonds at 
different locations. The molecule SO2 (shown above) has two such resonance forms. Resonance structures can 
also be non-equivalent, in which case they will have different numbers and/or locations of bonds. Note that 
any valid resonance structure of a molecule can be used to determine its shape and polarity. 


VSEPR Theory 


The VSEPR (Valence Shell Electron Pair Repulsion) model is used to predict the geometry of molecules based 
on the number of effective electron pairs around a central atom. The main postulate for the VSEPR theory is 
that the geometrical structure around a given atom is principally determined by minimizing the repulsion 
between effective electron pairs. Both the molecular geometry and the polarity of individual bonds then 
determine whether the molecule is polar or not. 
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Before determining the shape of a molecule, the Lewis structure must be properly drawn. The shape of a 
molecule is then determined by the number of areas of electron density (or, number of effective electron pairs) 
around a central atom. Areas of electrons density include: 


e Lone pairs of electrons: these electrons tend to take more space than the bonded pairs in space leading 
into somewhat distorted structures. 

e Bonds (single, double and triple bonds count as one (1) area of electron density or one effective electron 
pair). 


Before performing this exercise, please review (in your text or notes) the various geometries and bond angles 
that can be produced by different numbers of effective electron pairs around the central atom. 


Molecular Polarity 


A polar bond is one in which the electron cloud is closer to the nucleus of one atom (the more electronegative 
one) than the other (the less electronegative one). Knowledge of both the bond polarities and the shape are 
required in the determination of the molecule’s overall polarity (dipole moment). A polar molecule is one that 
shows an imbalance in its electron distribution. When placed in an electric field, these molecules tend to align 
themselves with the electric field. Some molecules have polar bonds but no dipole moment. This happens 
when the bonds in a molecule are arranged in a way in which polarities cancel each other out. One way this 
occurs is when molecules have all identical bonds and there is no lone pair on the central atom (for example, 
COz). Molecules that do not fit both these criteria may be polar or not depending on how atoms are bonded 
and the electron pairs arranged around the central atom (for example, XeCl2F2 shown below). 


scl. Cis Ch E38 
> Xex we xe & 
SFO ee $ sF~ eo “Cis 


ao ee ee ee 
Cis-lsomer (polar) Trans-lsomer (non-polar) 


AET Chem — Molecular Modeling Laboratory 


MOLECULAR MODELS PART 1: VSEPR 


NAME 
Pre-lab questions 
Complete the following table: 
Chemical KrF TeCle CIBrs3 H2S 


Species 


Lewis Structure 


Perspective 
Drawing 


Number of 
atoms bonded 
to central atom 


Number of lone 
pairs on central 
atom 


Electronic 
geometry 


Molecular 
Geometry 


Polarity 
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Procedure 


Materials and Equipment: Molecular model kits 
Instructions Complete the following for each of the molecules and ions on your handout. 
1. Draw Lewis structures, including all resonance structures if applicable (2). 


2. Build models and then draw perspective structures (2) that accurately represent bond angles and 
molecular shapes. 


The molecular model kits contain different colored balls and different size stick connectors. Three- 
dimensional models will be constructed from these balls and sticks. 


The stick connectors represent bonds. Use the short rigid sticks for single bonds. The long flexible 
sticks must be used to create double (2 sticks) and triple (3 sticks) bonds. 


The different colored balls represent different atoms. There is a key on the inside the model kit which 
indicates which colors correspond to which atoms. There are, however, some exceptions to this. For 
example, the kit indicates that the green balls with just one hole are to be used for the halogens. But 
if a halogen (such as Cl) appears in a molecule as a central atom with an expanded octet, you would 
need to use a ball that has 5 or 6 holes to build the model (brown or silver ball). Another example is 
oxygen. The kit indicates that the red balls with two holes should be used for oxygen. However, if an 
oxygen atom in a compound requires more than two bonds, the red balls cannot be used. In this case 
you would substitute a blue ball for oxygen. 


C = black (4 holes) 
H = white (1 hole) 

N = blue (4 holes) 
S = yellow (6 holes) 
O = red (2 holes) 


5e region centers = tan (5 holes) 
6e region centers = dark grey (6 holes) 


The 3-D models will serve as a visual guide to help you with your perspective structures. Use the 
following guidelines to draw them correctly: 


e For bonds lying in the plane of the paper, use a regular solid line. 


e For bonds that project down into the paper away from you, use a hatched wedge-shaped line 
(—). 


e For bonds that project up out of the paper towards you, use a solid wedge-shaped line ( *"' ''). 


An example showing both the Lewis structure and perspective representation of CH4 is provided below. 
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Please be sure to return all model pieces and stick connectors to the right bags (in 
the right numbers) when finished. 


Predict the actual geometry of the molecule or ion (6). 


. Determine the bond angles around the central atom (7). 


Determine the number of lone electron pairs on the central atom (4). 


2. a. Once you have built the models have you teacher check that it is built, your teacher will sign off 
each one (9). 


Determine the number of atoms bonded to the central atom (or, number of (-bonds) (3). 


Predict the electronic geometry using all areas of electron density (or, effective electron pairs) and the 
ideal bond angles associated with this geometry (5). 


Determine the polarity of the molecule (8). Use an arrow to show the direction of electron density for 
polar molecules on the perspective drawing. 


Each Kit should have: 

Bag | Atom Color Bonds (Holes) | Quantity 
1 Hydrogen White 1 40 
2 Carbon Black 4 12 

Nitrogen Blue 3 

Oxygen, etc Red 2 

Phosphorus, etc Purple 5 

Sulfur Yellow 6 

Bromine 5 

Iodine 5 

1 

Halogens 1 

Yellow 1 

Peroxide Red 1 

Boron, Aluminum 3 

Arsenic, etc 5 

Krypton, etc 6 


6 Bonds (stick connectors) 


Be careful of the Oxygen (red 2-bounds) vs. Peroxide (red 1-bound) 
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Complete: 


H20 

1. Lewis Structure 2. Perspective drawing 

3. Number of atoms bonded to 4. Number of non-bonding 5. Electronic geometry: 
central atom electron pairs on the central atom 

6. Molecular geometry 7. Bond angles 8. Polarity: 

(name) 


9. Teacher sign-off 


CH, 

1. Lewis Structure 2. Perspective drawing 

3. Number of atoms bonded to 4. Number of non-bonding 5. Electronic geometry: 
central atom electron pairs on the central atom 

6. Molecular geometry 7. Bond angles 8. Polarity: 

(name) 


9. Teacher sign-off 
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CoH, 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 


C2H2 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 
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Se Fe 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 


Ne 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 
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AsF; 


1. Lewis Structure 2. Perspective drawing 

3. Number of atoms bonded to 4. Number of non-bonding 5. Electronic geometry: 
central atom electron pairs on the central atom 

6. Molecular geometry 7. Bond angles 8. Polarity: 

(name) 


9. Teacher sign-off 


XeF2 

1. Lewis Structure 2. Perspective drawing 

3. Number of atoms bonded to 4. Number of non-bonding 5. Electronic geometry: 
central atom electron pairs on the central atom 

6. Molecular geometry 7. Bond angles 8. Polarity: 

(name) 


9. Teacher sign-off 
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CH3;0H 


1. Lewis Structure 2. Perspective drawing 

3. Number of atoms bonded to 4. Number of non-bonding 5. Electronic geometry: 
central atom electron pairs on the central atom 

6. Molecular geometry 7. Bond angles 8. Polarity: 

(name) 


9. Teacher sign-off 


H2CO 

1. Lewis Structure 2. Perspective drawing 

3. Number of atoms bonded to 4. Number of non-bonding 5. Electronic geometry: 
central atom electron pairs on the central atom 

6. Molecular geometry 7. Bond angles 8. Polarity: 

(name) 


9. Teacher sign-off 
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SF, 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 


XeF, 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 
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Benzene (CeHe) Hint: The six carbon atoms are in a circle with alternating single double 


bonds. 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 


C2H2Cle 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 
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O2 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 


BrF3 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 
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NH3 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 


CH3NH2 


1. Lewis Structure 


2. Perspective drawing 


3. Number of atoms bonded to 
central atom 


4. Number of non-bonding 
electron pairs on the central atom 


5. Electronic geometry: 


6. Molecular geometry 
(name) 


7. Bond angles 


8. Polarity: 


9. Teacher sign-off 
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Molecule: CO(NHz2)2 


1. Lewis Structure 2. Perspective drawing 

3. Number of atoms bonded to 4. Number of non-bonding 5. Electronic geometry: 
central atom electron pairs on the central atom 

6. Molecular geometry 7. Bond angles 8. Polarity: 

(name) 


9. Teacher sign-off 


Molecule: C3H7OH (1-propanol) 


1. Lewis Structure 2. Perspective drawing 

3. Number of atoms bonded to 4. Number of non-bonding 5. Electronic geometry: 
central atom electron pairs on the central atom 

6. Molecular geometry 7. Bond angles 8. Polarity: 

(name) 


9. Teacher sign-off 
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Post lab questions: 
1. For each one of the molecules with lone pairs of electrons on the central atom that is 
nonpolar, give an explanation why they have no dipole moment. 


2. Find all molecules or ions with resonance structures and draw them: 


3. Although PH3 and BH3 both contain similar bonds their shapes are different. Why do they have 
different shapes? 
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